A subset of the newly published salinity and temperature climatologies of the global ocean is assembled to examine the observed seasonal variability of the near-surface salinity field of the tropical Indian Ocean. The role of vertical haline stratification in the near-surface layers on the manifestation of the barrier layer thickness in the new climatology is addressed. The warm pool of the tropical Indian Ocean is characterized to identify the geographic regions where the near-surface haline stratification and the warm pool core co-exist. Among the three regions within the warm pool of the tropical Indian Ocean, viz., southeastern Arabian Sea, southwestern Bay of Bengal and eastern equatorial Indian Ocean, a strong coupling between the near-surface haline stratification and the subsequent evolution of the warm pool core is most prominently seen only in the southeastern Arabian Sea. The observed year to year co-variability of the near-surface low salinity pool and the warm pool core in the southeastern Arabian Sea is examined.
INTRODUCTION
Among the three tropical ocean basins, the tropical Indian Ocean shows largest variability in the nearsurface salinity field both in space and in time. This variability primarily results through several processes such as seasonal monsoon driven evaporation, precipitation, river runoff; Indonesian Throughflow; intrusion of high salinity waters from marginal seas such as the Red Sea and the Persian Gulf and the associated basin scale three dimensional circulation and mixing processes Sivakumar, 2003, Bulusu et al, 2011) . In the tropical Indian Ocean the warm pool region typically characterised by waters warmer than 28 o C (Vinayachandran and Shetye, 1991) , is one of the most dominant components of the tropical ocean-atmosphere coupled system, with a profound influence on the seasonal, intraseasonal and interannual evolution of Asian-Australian monsoon. Several studies have shown that the sea surface temperature (SST) of the tropical Indian Ocean also manifests strong variability associated with synoptic scale disturbances and Madden-Julian Oscillation on intraseasonal time scale (Tim Li et al, 2008, Duncan and Han, 2009 ) and with Indian Ocean Dipole (Saji et al, 1999 , Rao et al, 2002 , Rao and Behera, 2005 , Thampson et al, 2006 and El Nino -La Nina events on interannual time scale (Gualdi et al, 2003 , Annamalai et al, 2005 , Yoo et al, 2010 , Grunseich et al, 2011 , Wu Yan-Ling et al, 2012 . Variability of the SST plays a crucial role in the coupling between the ocean and atmosphere. The SST variability is particularly strong in the southern tropical Indian Ocean on intraseasonal timescales as well as during Indian Ocean Dipole events (Feng and Meyers, 2003) . A major player is the near surface salinity which is found to have a large effect on upper ocean stratification and SST. Surface salinity is affected by local and remote rain events, eddy and mean flow advection caused by near-surface circulation.
The recent advent of technologies has given a great impetus to make systematic and repeat measurements of the salinity field of the tropical Indian Ocean basin with ARGO floats, thermosalinographs, XCTDs, moored buoy arrays of RAMA, JAMSTEC and NIOT over the past several years. The numerical models have also reached reasonable level of maturity to reproduce the observed salinity fields in the tropical Indian Ocean with good accuracy , Howden and Murtugudde, 2001 , Sharma et al, 2010 , Parekh et al, 2015 . In addition, the efforts on remote sensing of sea surface salinity (SSS) with SMOS and Aquarius are also progressing to map the global ocean surface salinity fields (Durand et al, 2013 , Momin et al, 2015 . So in the light of the availability of these recent measurements and numerical model outputs it is now possible to characterise and explain the nature of the observed near-surface salinity field both on intraseasonal and interannual time scales with greater confidence level. With the availability of these new data sets now there is ample scope to characterise and understand the intraseasonal and interannual variability of the near-surface salinity field and its influence on the evolution of sea surface temperature in the tropical Indian Ocean.
In the tropics, the ocean's role in absorbing and transporting heat and freshwater is not thoroughly understood (Godfrey et al., 1995) . After temperature, salinity is the most important physical property of the seawater that controls its dynamic and thermodynamic behavior. It provides a measure of intensity of the ocean hydrological cycle, which is one of the least understood components of the climate system Webster, 1994) . It contributes to the formation of water masses and determines the depth of penetrative convection and thermohaline circulation of the global ocean (Huang, 1993; Pierce et al., 1995) . Salinity plays an important role in controlling near-surface vertical mixing, with relevant vertical scales that are smaller than those of the surface isothermal layer detectable from XBT sampling. This is especially true in areas of excess precipitation, where it can strongly stratify the near-surface region and reduce the response time of SST to surface flux forcing. Thus the vertical structure of salinity also contributes to the definition of the near-surface mixed layer depth and its dynamics (Lukas and Lindstrom, 1991; Sprintall and Tomczak, 1992; Murtugudde and Busalacchi, 1998; . The salinity is shown to indirectly influence the evolution of mixed layer temperature in regions of near-surface haline stratification (Moshonkin and Harenduprakash, 1991; Rao and Sanil Kumar, 1991; Rao and Sivakumar, 1999; Howden and Murtugudde, 2001 , Shenoi et al, 2004 and salinity jump below near-surface isothermal layer (Miller, 1976; Rao, 1986) . In the past, several observational and modelling studies have shown that salinity plays a very important role on the evolution of SST through the thermodynamics and dynamics of the upper layers of the tropical Indian Ocean (Cooper, 1988 , Masson et al, 2005 , Sharma et al, 2006 , Durand et al, 2011 . However, much of these studies are limited to describe and explain the observed seasonal cycle of the near-surface salinity field of the tropical Indian Ocean due to availability of limited measurements made with water bottles and conductivity temperature depth recorders (Rao and Sivakumar, 2003) . Numerical models with inclusion of salinity effects have shown to reproduce better simulations of the tropical oceanic processes (Cooper, 1988; Murtugudde and Busalacchi, 1998) . The incorporation of upper ocean salinity data into assimilative ocean models provides an additional method of constraining the surface water fluxes . Such data are also necessary for improved estimation of the freshwater budget of the oceans. Despite its importance, the total number of historic salinity measurements is smaller by at least two orders of magnitude in the TIO compared to temperature measurements, due to inherent difficulties in measurement practices. Thus, much of our current knowledge on the spatiotemporal variability of the salinity structure of the oceans is based on relatively sparser measurements. The evolution of salinity is governed by several processes such as evaporation, precipitation, river runoff, formation and melting of sea ice, and internal ocean dynamics such as circulation and mixing of water masses. However, the relative importance of these processes is not known accurately as most of these processes are not directly measured but are only indirectly estimated, with yet unknown errors. With the available data sets, several authors have investigated the observed seasonal and interannual variability of freshwater forcing and salinity of the tropical Atlantic (Taylor and Stephens, 1980; Schmitt et al., 1989; Levitus, 1989; Yoo and Carton, 1990; Dessier and Donguy, 88 Observed variability of near-surface salinity field on seasonal and interannual time scales and its impact on the evolution of sea surface temperature of the tropical Indian Ocean 1994; Reverdin et al., 1994; Montogomery and Schmitt, 1994; Reverdin, 1995) and of the tropical Pacific (Piola and Gordon, 1984; Delcroix and Henin, 1991; Donguy, 1994; Tomczak, 1995; You, 1995; Delcroix et al., 1996) . Levitus (1982 Levitus ( , 1986 used all the available salinity measurements to generate global ocean salinity climatology, and found a pronounced annual cycle in the tropics in association with the location of the Intertropical Convergence Zone (ITCZ). In the recent past several interesting results emerged from TOGA COARE. Cronin and McPhaden (1998) have found that excess surface fresh water flux (P-E) was balanced primarily by vertical mixing and zonal advection. Feng et al. (1998) have reported that advection terms are important in the salt balance of the mixed layer and meridional advection dominates over zonal and vertical advection acting to increase salinity in the surface layer. Delcroix and Picaut (1998) have found that the zonal displacements of the eastern edge of the western equatorial Pacific fresh pool {sea surface salinity (SSS) < 35%} during 1974-1989 marked by a salinity front and closely related to the eastern edge of the warm pool, were dominated by interannual variation that are highly correlated with the Southern Oscillation Index (SOI). Henin et al. (1998) have reported strong SSS variability at seasonal and interannual timescales that is attributed to the successive passages of a zonal salinity front trapped in the equatorial band (5ºN-5ºS) and migrating in phase with the SOI. Studies on salinity variability in the TIO are few, and no study is reported in the literature on the dynamics of SSS and its interannual variability due to extreme scarcity of measurements. Although few studies on the variability of rainfall over the TIO are reported in the literature (Rao et al., 1989 , Martin et al., 1993 Rameshkumar and Prasad, 1997) no study examining the relationship between the freshwater flux and SSS in the TIO is reported. Most of the studies on salinity were based on measurements made during special observational campaigns. Rochford (1964) described the observed salinity maximum in the upper 1000 m of the North Indian Ocean (NIO). Wyrtki (1971) presented distributions of bimonthly SSS and yearly subsurface salinity for the Indian Ocean. Sastry and D'Souza (1972) described the observed salinity structure of the Arabian Sea (AS) during the summer monsoon season. Toole and Raymer (1985) and Fu (1986) estimated the freshwater budget of the Indian Ocean. Using the historic data, Hastenrath and Grieschar (1989) presented distributions of 6-monthly averages of salinity at the surface, 100m and 300m depths for the TIO. Sprintall and Tomczak (1992) found that monsoon rainfall and river runoff contribute significantly to the freshwater flux, producing salt stratification in the surface layers of the eastern equatorial Indian Ocean. Using Levitus (1982) salinity climatology, Shenoi et al. (1993) identified four extrema, three maxima and one minimum in the salinity distribution of the AS. Shetye (1993) has examined the movement and implications of the Ganges-Bramhaputra runoff on the near-surface salinity field of the northern BoB. Considering bimonthly distributions, Donguy and Meyers (1996) found seasonal variability of SSS over the western Indian Ocean to be larger and extensive, while it is smaller and localised in the eastern Indian Ocean due to local rainfall and river runoff. Using a subset of Levitus et al. (1994) climatology, Conkright et al. (1994) produced an atlas describing the annual and seasonal (three month averages) evolution of salinity field at selected depths in the TIO. Hareeshkumar and Mathew (1997) have studied the seasonal variability of the near-surface salinity distribution in the AS. Prasannakumar and Prasad (1999) have studied the formation and spreading of Arabian Sea High Salinity Water Mass. Shankar (2000) reported that large inflow of fresh water into the seas around India forces large changes in salinity, and hence, in coastal sea level. has studied the influence of salinity on dynamics, thermodynamics and mixed layer physics of the TIO in a 4.5 layer nonlinear model. have simulated the SSS of the TIO with a 4.5 layer model with active thermodynamics and mixed layer physics invoking various forcing mechanisms. Using a reduced gravity primitive equation ocean model, Howden and Murtugudde (2001) have studied the influence of river inputs on the SST of the BoB. As the evolution of SSS is fully three-dimensional, an ocean GCM with good mixed layer physics can only resolve the relative importance of different mechanisms that produce the observed seasonal variability of SSS in the NIO. Heffner et al (2008) have detected Rossby waves in HYCOM sea surface salinity field of the tropical Indian Ocean. Satya Prakash et al (2012) have studied the observed relationship between surface freshwater flux and salinity in the north Indian Ocean. Momin et al ( 2015) have studied the observed variability of sea surface salinity in the tropical Indian Ocean as inferred from Aquarius and in situ data sets. Recently Zweng et al (2013) have updated the earlier climatologies to provide a comprehensive description on the salinity field of the global ocean. The availability of enriched salinity database of Zweng et al (2013) has provided a unique opportunity to describe the observed annual cycle of the near-surface salinity field, near-surface haline stratification, barrier layer thickness and the evolution of the warm pool in the tropical Indian Ocean. Vimlesh et al (2015) have used insitu gridded data of salinity based on Argo and CTD profiles, to study the observed interannual variability of near-surface salinity (within 30 m from sea surface) in the Bay of Bengal (BoB) during the years 2005-2013. In this study, the observed relationship between nearsurface haline stratification and the SST maxima in the warm pool region is examined. The observed interannual variability of the near-surface thermohaline structure in the southeastern AS is also examined.
DATA
The National Oceanographic Data Center (NODC), USA receives, processes and archives global ocean temperature and salinity data. The NODC produces monthly climatologies of global ocean parameters every four years. The merged database for the period 1955-2012 was objectively analyzed and the gridded fields of temperature and salinity at standard depths were generated at one degree resolution for all twelve calendar months Zweng et al, 2013) . A subset of these global monthly mean climatologies are extracted for the tropical Indian Ocean and utilized in this study. The Coriolis Data Center, Brest, France also receives, processes and archives ocean temperature and salinity data. It produces gridded objective analysis fields of temperature and salinity using profiles from the in-situ near real time database every week Cabanes et al, 2013) . This data set for the tropical Indian Ocean for the period 1990-2008 is utilized in this study. The reanalysis data prepared by UKMO is utilised to compare the near-surface thermohaline structure of the warm pool core regions.
ANALYSIS AND DISCUSSION

Annual Average and Variance of SSS
The distributions of annual average and variance of sea surface salinity (SSS) derived from the new climatology are shown in Figure 1 . The distribution of annual average SSS shows a very distinct pattern in the TIO with primary maxima in the northern AS, secondary maxima in the southern TIO and minima in the northern BoB. From the head BoB, the SSS progressively increases toward northern AS.
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International Journal of Ocean and Climate Systems Although located in the same latitude band, both the AS and BoB exhibit very contrasting SSS distributions due to large differences in local hydrological forcing. In the equatorial region, the AS high saline waters flow eastward. South of the equator, a tongue of low saline waters, with an east-west gradient driven by Indo-Pacific throughflow is present. South of this low saline east-west tongue, another zonal band of moderately high saline waters (>35.5%) with strong meridional gradient is noticed. In the equatorial region the meridional gradient is weaker than the zonal gradient. In the offequatorial region the zonal gradient is much weaker than the meridional gradient. The annual variance of SSS is more pronounced in the NIO compared to that of in the southern TIO due to strong seasonality in the local hydrological forcing and reversal of near-surface circulation driven by the seasonal monsoons. Pronounced variance with onshore maxima occurs in the northern and coastal regions of the BoB, off the Arabia coast and off southwest India where horizontal gradients are also marked.
Annual Cycle of SSS
The multiyear averaged monthly mean SSS distributions (Figures 2a and 2b) show several features of interest and the contrast between the distributions of the AS and the BoB is more prominent on monthly resolution. The SSS in much of the AS is in excess of 35% during the entire year primarily due to excessive evaporation over precipitation. In the AS, the clockwise (anticlockwise) gyral circulation during summer monsoon (winter) season determines the north-south oscillation of 36% salinity
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Volume 6 · Number 2 · 2015 In the southeastern AS relatively low saline waters transported from the BoB appear during January-April resulting in a gradient normal to the southwest coast of India. Advection of these low saline waters from the BoB and north equatorial Indian Ocean into the southeastern AS is very well simulated in a fine resolution model of Semtner and Chervin (1992) . During the summer monsoon the high saline AS waters show their pathways into the southern BoB. Schott et al. (1994) have documented on the Southwest Monsoon Current south of Sri Lanka from direct current measurements. Vinayachandran et al. (1999) have studied the intrusion of Southwest Monsoon Current into the BoB from the circulation derived from historic ship drifts, dynamic topography, and TOPEX sea surface height anomalies and in a OGCM solution. Advection of low salinity waters by Somalia Current into the western AS during summer monsoon is also clearly seen (Swallow et al., 1983) . The SSS in the BoB shows rich structure with onshore minima in particular during summer and post-summer monsoon months. During these seasons very intense horizontal gradients in SSS occur in the northwestern and northeastern BoB. In a nonlinear 4.5 layer model with active thermodynamics and mixed layer physics, have shown that the BoB river runoff has improved the simulated SSS fields within the BoB and along the west coast of India. The multiyear averaged monthly mean salinity distributions for depths of 30 m, 50 m and 100 m are shown in Figures 3a, 3b , 4a, 4b, 5a, and 5b respectively. The signature of saltiness (freshness) of waters in the northern AS (BoB) showed a reduction in amplitude with depth. The features at the
92
International Journal of Ocean and Climate Systems (Schott, 1983) , the SSS maxima shows a clear southeastward propagation from off Arabia and Somalia coasts during March to September. In the southeastern AS, the SSS maxima propagates from off southwest coast of India to the interior from July-August to October. In the northwestern BoB an offshore propagation of SSS maxima during March-April to September is noticed. Although large amplitude semiannual harmonic (CPY=2) is seen in the northwestern and northeastern BoB, it is not supported by large variance. The amplitude of the annual harmonic seen in the southeastern AS progressively decreases with depth and completely disappears at 100 m depth.
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3.3.Near-surface Haline Stratification
The near-surface stratification in the ocean plays an important role in the evolution of the mixed layer and sea surface temperature (SST). This vertical stratification occurs due to variability in the observed vertical distributions of temperature and salinity. It is well known that in the ocean, within the surface mixed layer the vertical temperature gradients are generally weak. But this is not the case with salinity in some regions. It would be instructive to examine the seasonal evolution vertical haline gradients in the tropical Indian Ocean for identifying geographic regions where salinity distributions can influence the evolution of SSTs. The vertical difference fields of salinity between surface and 30 m depth and the surface and 50 m depth are shown in Figures 7a, 7b, 7c and 7d respectively. Strongest vertical salinity differences are noticed primarily in the northern BoB almost throughout the year with peak values during summer monsoon and post-summer monsoon seasons. The secondary maxima is seen in the southeastern AS during post-summer monsoon season, winter and early part of the summer. During April-May and October-December, the vertical difference values are relatively higher over the eastern equatorial Indian Ocean.
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Influence of Near-surface Salinity on Mixed Layer Depth
Descriptions on the seasonal variability of the mixed layer depth derived only from temperature profiles are available for the TIO (Wyrtki, 1971; Robinson et al., 1979; Rao et al., 1989 , Shenoi et al, 2004 . However, the upper ocean is usually not equally well mixed both in temperature and salinity. The variation in salinity, supposedly produced by either horizontal advection of low saline waters and by freshwater flux at the surface, reduces the surface buoyancy flux. This reduction limits surface mixing to a shallow halocline, creating a barrier layer between the bottom of the mixed layer and the top of the thermocline (Lukas and Lindstrom, 1991) . Clearly, the mixed layer has to be defined relative to both temperature and salinity. The fresh water at the surface, in conjunction with the saline layer below, increases the stability of the column, effectively decreasing the turbulent mixing length. With less mixing, the temperature of the fresh surface layer can increase. In the literature, the near-surface mixed layer depth (MLD) is defined in several ways (Lukas and Lindstrom, 1991; Kara et al., 2000) . A net change in the physical property as temperature, salinity and density from the surface value, or the depth of occurrence of a critical gradient in the physical property was considered in several studies to define the mixed layer depth (Wyrtki, 1964; Bathen, 1972; Levitus, 1982) . The influence of near-surface halocline in the definition of the mixed layer of the global oceans was examined by Sprintall and Tomczak (1992) . Their study has compared two techniques of determining the mixed layer depth, one (MLDt) based on a 0.5ºC change from SST and the other
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Volume 6 · Number 2 · 2015 (MLDts) on a variable sigma-t criterion. The latter method involves calculating the coefficient of expansion with surface values of temperature and salinity to determine the difference required to obtain a temperature difference equal to 0.5ºC. The difference in depths (MLDt and MLDts) produced by the two criteria attributed to salinity stratification is called as barrier layer thickness (BLT). Recently Thadathil et al (2007 Thadathil et al ( , 2008 have examined the observed variability of the BLT and their governing mechanisms in the BoB and the AS. In this study, the mixed layer depth is estimated employing both the methods. The barrier layer thickness fields are shown in Figures 8a and 8b to highlight the influence of near-surface salinity effects on the seasonal evolution of MLD. The basin scale monthly distributions show a great deal of spatial structure and seasonal variability. The incorporation of salinity effects reduces the thickness of the mixed layer. In the BoB, these differences build up from June to July, and attain maximum during the following February, when the freshening effects of hydrological forcing through local rainfall and river discharges are felt the most on the near-surface waters. These differences begin to weaken from February and attain minima during May, i.e., before the commencement of the summer monsoon season. In the AS, the difference fields are relatively less marked due to weaker hydrological forcing. However, the entry of low saline waters as East India Coastal Current and as North Equatorial Current into the southeastern AS during November to March (Cutler and Swallow, 1984) , produces a maxima off southwest India during January-February, which propagates offshore during the following two months under the influence of a mode 2 Rossby wave shown in numerical simulations (Jensen, 1991; Perigaud and Delecluse, 1992; McCreary et al., 1993; Bruce et al., 1998) . Another maxima occurs in the southcentral AS during the height of the summer 98 Observed variability of near-surface salinity field on seasonal and interannual time scales and its impact on the evolution of sea surface temperature of the tropical Indian Ocean
International Journal of Ocean and Climate Systems monsoon season where the deepening of the near-surface isothermal layer is greatest due to Ekman pumping effects (Bauer et al., 1991) . The maxima in the eastern equatorial region during monsoon transitions is attributed to eastward propagating downward Kelvin waves (Han et al., 1999 ) associated with Wyrtki Jets (Wyrtki, 1973) .
The Warm Pool of the tropical Indian Ocean
The SST of the TIO is characterized by a pool of warm waters with temperatures in excess of 28ºC during most of the year (Figures 9a and 9b ) (Vinaychandran and Shetye, 1991, Prasannakumar et al, 2005) . The SST progressively builds up from December reaching its peak during May both in horizontal extent and amplitude across the basin. After the onset and progress of the summer monsoon, the SST over the AS and BoB begins to collapse. The warm SST offers as an important surface boundary condition to organized moist convection in the monsoonal atmosphere. The peak manifestation of the warm pool (SST > 28ºC) in the TIO during May is shown in the Figure 10 . Within the warm pool region, three distinct peaks are seen in the southeastern AS (Shetye, 1984 , Shenoi et al, 1999 , Rao and Sivakumar, 1999 , southwestern BoB and eastern equatorial Indian Ocean. Among the these three regions, the warm pool in the southeastern AS is the most pronounced (Sengupta, 2002) . Shetye (1987) had modelled the seasonal evolution of SST across the warm pool in the AS.
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Volume 6 · Number 2 · 2015 The observed seasonal evolution of the near-surface vertical structures of salinity, density and temperature at these geographic locations (boxes in Figure 10 ) are shown in Figures 11a, 11b and 11c . Although all the three regions show pools of warmest waters in the uppermost 40-50 m water column, there are significant differences in the corresponding vertical distributions of salinity and density. The warm waters seen in the BoB_WP and the EEIO_WP regions during April-May do not show any correspondence with preceding haline stratification. The pocket of warm waters seen in the eastern equatorial Indian Ocean during April-May is mainly attributed to convergence of warm waters caused by eastward propagating spring Wyrtki jet and downwelling Kelvin wave (Wyrtki, 1973) . Sengupta et al (2008) have studied the heat budget of the warm pool based on data collected during Arabian Sea Monsoon Experiment. Vinaychandran et al (2007) have carried out a detailed study exploring the relationship between the AS warm pool and the monsoon onset vortices. The role of salinity on the dynamics of the AS mini warm pool was examined by Ebenezer et al (2012) . A pronounced vertical stratification in the salinity field is seen only in the SEAS_WP about 2 months before the formation of the peak warm pool. This haline stratification sets the stage for the formation of the warm pool in the SEAS_WP.
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INTERANNUAL VARIABILITY OF NEAR-SURFACE THERMOHALINE STRUCTURE
The observed interannual variability of SST in the AS was examined by Fieux and Stommel (1976) , Brown and Evans (1981) , Cadet and Dhiel (1984) , Rao and Goswami (1988) , , Gopalakrishna et al (2010), Saji et al (2013) and Rao et al (2015) . The observed interannual variability of near-surface thermohaline structure in the uppermost 100 m water column in the southeastern AS warm pool region for the period 1990-2008 is shown in Figure 12 . The temperatures with values > 28ºC are only colour shaded. A careful examination of this figure reveals year to year variability of both temperature and salinity structures among the years 1990-2008. Both the warm pool and low salinity pool show interannual variability in amplitude, vertical extent and temporal duration. It would be interesting to explore the relationship between the warm pool and low salinity pool on interannual time scale.
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Volume 6 · Number 2 · 2015 The TMI SST data shows sharp contrast in ASWP characteristics during the years 2008 and 2010 (Rao et al, 2015) . During April-May, the warm pool is more (less) pronounced during 2010 (2008) . The ocean reanalysis data of UKMO is examined for the observed variability of near-surface theromohaline structure of the ASWP during these two years. The observed evolution of temperature and salinity in the uppermost 100 m water column during the years 2008 and 2010 is shown in Figure. 13. A sharp contrast is seen in the spatio-temporal extent and intensity of the warm pool between the years 2008 and 2010. Interestingly the near-surface salinity structure also shows differences between both the years. The low salinity pool that occurs during February-April is relatively fresher during 2010 when compared to that of 2008. This results in stronger near-surface haline stratification during 2010 when compared to that of 2008. This reveals excellent correspondence between the freshness of the low salinity pool and the intensity of the ASWP.
102
International Journal of Ocean and Climate Systems The important question that needs to be addressed is -what causes the observed differences in the near-surface salinity distributions between the years 2008 and 2010 ? It is well known that SSS is primarily influenced by the difference between evaporation and precipitation (E-P) and the horizontal advection. The estimated values of E-P along 5ºN-10ºN latitudinal band are examined for 2010 (Figure 14) . No striking differences in the E-P distributions are seen between both the years. The other possibility is the differences in the horizontal advection of low salinity waters into the SEAS_WP region. Although, data on horizontal advection are not available, the available SSS data along 76ºE between equator and 10ºN provides a measure of the intrusion of low salinity waters carried into the SEAS_WP region both by the East India Coastal Current and the Winter Monsoon Current (Cutler and Swallow, 1984) . Accordingly the observed distributions of SSS are examined for the period JanuaryApril for both the years (Figure 15 ). A striking difference is seen in the occurrence of low salinity waters north of 6ºN along 76ºE. The low salinity waters prevailed over a wider spatial and temporal extent during 2010 when compared to 2008 clearly indicating larger volume of inflow of the Bay waters resulting in deeper low salinity water pool in 2010 as shown in Figure 13 . A comparison of net surface heat flux along 5ºN-10ºN for the years 2008 and 2010 ( Figure 16 ) suggests -although no big differences in the temporal distribution, but the magnitudes of the net heat gain by the ocean appears to be higher during 2010 paving way for more pronounced SEAS_WP.
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SUMMARY AND CONCLUSIONS
The best available global near-surface salinity and temperature climatologies recently published are examined for the TIO to characterize the observed variability over an annual cycle. The salinity field shows rich structure in the uppermost 50 m water column with strong contrast between the AS and the BoB. This contrast diminishes progressively with depth. Fourier analysis of salinity fields in the nearsurface water column has revealed largest seasonal variability in the northern BoB, the southeastern AS and south of the equator. This seasonal amplitude decreases with depth. Relatively stronger vertical salinity gradients are noticed primarily in the northern BoB almost throughout the year with peak values during summer monsoon and post-summer monsoon seasons. The secondary maxima is seen in the southeastern AS during post-summer monsoon season, winter and early part of the summer. During April-May and October-December, the vertical gradients are relatively stronger over the eastern equatorial Indian Ocean. The incorporation of salinity effects reduces the thickness of the mixed layer. The basin scale monthly distributions of BLT show a great deal of spatial structure and seasonal variability. In the BoB, these differences build up from June-July, and attain maximum during the following February, when the freshening effects of hydrological forcing through local rainfall and river discharges are felt the most on the near-surface waters. The entry of low saline waters carried by the East India Coastal Current and the North Equatorial Current into the southeastern AS during November to March, produces a maxima off southwest India during January-February, which propagates offshore during the following two months under the influence of a mode 2 Rossby wave. In the TIO, the SST progressively builds up from December reaching its peak during May both in horizontal extent and amplitude across the basin. Within the warm pool region, three distinct peaks are seen in the southeastern AS, southwestern BoB and eastern equatorial Indian Ocean. Among the three regions, the warm pool in the southeastern AS is the most pronounced. Although all the three regions show pools of warmest waters in the uppermost 40-50 m water column, there are significant differences in the corresponding vertical distributions of salinity and density. A pronounced vertical stratification in the salinity field is seen only in the southeastern AS about 2 months before the formation of the peak warm pool. This haline stratification sets the stage for the formation of the warm pool in the southeastern AS. In the southeastern AS, both the warm pool and low salinity pool show interannual variability in amplitude, vertical extent and duration. Although no big differences in E-P distributions are seen between 2008 and 2010, larger volumes of low salinity waters had intruded into SEAS_WP region during 2010 when compared to 2008 leading to the formation of more pronounced low salinity water pool in 2010. The net surface heat flux values are higher during 2010 when compared to 2008 resulting in more pronounced warm pool during 2010.
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